Introduction Sunflower (Helianthus annuus L.) is a potential crop to bridge-up the gap between domestic demand and production [1] .In Pakistan, efforts are being made to enhance sunflower yields in addition to other conventional oilseed crops to overcome the edible oil deficit, because at least two sunflower crops in a year can be obtained (spring and autumn); and it is well adapted to existing agro-ecological conditions. During the year 2015-16, the total area under sunflower cultivation was 349 thousand hectares with seed production of 182 thousand tons and oil production of 69 thousand tons [2]. There are several causes that constrain potential crop yields and most of these are associated with the nutrient management flaws. Among nutrient management aspects, unoptimistic application of nitrogen has significant role in to influence the crop productivity in negative direction. Nutrient deficiency is one of the key factors to influence the crop productivity adversely. The universal deficiency of N has become more severe in regions of continuous cropping Nitrogen is the element of bio-molecules (amino acids, proteins, nucleic acids, phytohormones), enzymes as well as coenzymes. The plant growth is mainly stimulated by N availability in the soil. N also has key role in crop canopy expansion and solar radiation interception .The soil applied N is compulsory for achieving desired crop yields while as combined strategy of soil and foliar N application produces better nutrient utilization for yield production [3] suggested N @180 kg ha -1 through soil for obtaining higher seed and oil yields in sunflower. Similarly, irrigation management in relation to number of irrigations and scheduling of its application has very crucial role in crop production. Studies have demonstrated that avoiding irrigation during the vegetative growth stages could result decrease yields substantially and proper irrigation management could lead to improved irrigation water use efficiency. Most of the crops in Pakistan are produced under irrigated conditions; thus, it is essential to determine the water regimes leading to improved crop yields and irrigation efficiency. Hybrid cultivars having high seed cost give the highest yield only when irrigated .One of the needs of the hour is to adopt management techniques and technologies available for increasing irrigation efficiency. The purpose of irrigation scheduling is to determine the exact amount of water to apply to the field and the exact timing for application. The amount of water applied is determined by using a criterion to determine irrigation need and a strategy to prescribe how much water to apply in any situation. 
Materials and methods
Sunflower hybrid Hysun-33 was cultivated in RCBD (factorial) with 03 replicates in 5.0 x 4m (20m 2 ) plot size at Agriculture Chemistry (Soils) Section, ARI Tandojam. Initially hard pan of the experimental soil was removed by running disc plow, followed by rotavator and finally precision land leveling carried out. Single coulter hand drill was used for sowing sunflower seeds in 60 cm apart rows and plant to plant space was maintained at 45 cm by thinning after 15 days of sowing to maintain the proper inter and intra row spacing. Four N levels (0, 50, 100, 150 kg ha -1 ) and four irrigation frequencies (2, 3, 4, 5 irrigations) were tested. All P and K in addition to 1/3 rd N were applied as basal dose at the sowing time; while remaining N was applied in two splits at first irrigation and at grain formation stage, respectively. N was applied as per the treatment plan; while P and K were applied at the rate of 100-50 kg ha -1 , respectively. Urea (46% N) was used for nitrogen and SSP for P and MOP for K. 
Plant height (cm)
The sunflower crop fertilized with highest N level of 150 kg ha -1 resulted in maximum plant height of 177.02 cm and the plant height significantly decreased to 144.74 and 126.00 cm by decreasing N levels up to 100 and 50 kg ha -1 , respectively, while the lowest plant height (104.13 cm) was noted in control (Table 1 ). The effect of irrigation levels indicated that the plant height was maximum (155.32 cm) when given 5 irrigations, followed by 140.68 and 131.69 cm plant height under 4 and 3 irrigations, respectively; while the minimum plant height (124.21 cm) was noted in plots given only 2 irrigations. The interactive effect of 150 kg ha -1 N × 5 irrigations resulted in maximum plant height of 199.27 cm and minimum (93.74 cm) under 0 N × 2 irrigations. The results showed that with each increased level of N significantly (P<0.05) increased the plant height; and similarly with each increase irrigation, the plant height showed a parallel improvement. There were linear and significant (P<0.05) differences in plant height among all the N levels as well as irrigation levels. Hence, for plant height, five irrigations and 150 kg N ha -1 proved to be more effective in increasing plant height as compared to rest of the treatments.
Stem girth (cm)
The crop supplied with highest N level of 150 kg ha -1 resulted in maximum stem girth of 6.38 cm which reduced to 5.78 cm and 5.03 cm by decreasing N levels up to 100 and 50 kg ha -1 , respectively, the lowest stem girth (4.16 cm) was found in control (Table  1 ). The effect of irrigation levels showed that the stem girth was maximum (5.62 cm) when given 4 irrigations, followed by 5.51 cm and 5.26 cm stem girth under 5 and 3 irrigations, respectively; while the minimum stem girth (4.96 cm) was observed in plots given only 2 irrigations. The interactive effect of 150 kg ha -1 N × 4 irrigations resulted in maximum stem girth of 7.21 cm and minimum (3.75 cm) under 0 N × 2 irrigations. The results indicated that with each increased level of N, the stem girth was improved significantly (P<0.05); and similarly increasing irrigations up to 4, resulted in an improvement in stem girth, and adverse effect on stem girth was observed when irrigation increased to 5. Linear and significant (P<0.05) differences in stem girth among all the N levels were noted; while differences in stem girth between 5 and 4 irrigations were nonsignificant (P>0.05). Hence, for stem girth, four irrigations and 150 kg N ha -1 would be the optimum treatment combination for achieving desired results for this trait of sunflower.
Head diameter (cm)
The crop fertilized with highest N level of 150 kg ha -1 resulted in maximum head diameter of 22.64 cm, followed by 20.38 cm and 16.98 cm head diameter observed under N levels of 100 and 50 kg ha -1 , respectively ( Table 1 ). The lowest head diameter (13.39 cm) was recorded in control. The irrigation effect showed that the head diameter was maximum (21.54 cm) when the crop was irrigated 4 times, followed by 19.34 cm and 18.29 cm mean head diameter determined in crop given 5 and 3 irrigations, respectively. However, the lowest head diameter (14.22 cm) was recorded in plots irrigated 2 times only. The interactive effect of 150 kg ha -1 N × 4 irrigations resulted in maximum head diameter of 26.75 cm and minimum (10.50 cm) under treatment interaction of 0 N × 2 irrigations. There was consecutive increase in the head diameter with increasing N up to 150 kg ha -1 ; while head diameter followed successive increase up to 4 irrigations and later decreased. Significant (P<0.05) difference in head diameter among all the N levels as well as irrigation levels was assessed. However, irrigating crop five times resulted in excess soil water moisture and head diameter affected adversely under five irrigations. Thus, for achieving desired results in head diameter, four irrigations and 150 kg N ha -1 would be the optimum treatment combination in sunflower.
Seeds head -1
The sunflower crop given highest N level of 150 kg ha -1 produced maximum seeds head -1 (2038.00), followed by 1834.20 and 1528.50 seeds head -1 noted in plots given N at the rates of 100 and 50 kg ha -1 , respectively ( Table 2 ). The lowest seeds head -1 (1205.70) was recorded in control. In irrigation treatment, the seeds head -1 was maximum (1939.20) when the crop was irrigated 4 times, followed by 1740.90 and 1646.30 seeds head -1 found in crop given 5 and 3 irrigations, respectively. However, the minimum seeds head There was consecutive increase in the seeds head -1 with increasing N up to 150 kg ha -1 ; while seeds head -1 also increase successively up to 4 irrigations and decreased in 5 irrigations. The crop receiving five irrigations followed a decreasing trend in seeds head -1 under five irrigations; which suggested that irrigating sunflower crop more than four times will not be beneficial for this trait. Thus, for achieving desired results in seeds head -1 , the crop may be fertilized with 150 kg N ha -1 and should be irrigated four times during whole growth period. 
Seed weight head -1
The crop fertilized with highest N level of 150 kg ha -1 produced highest seed weight head -1 (63.688 g), followed by 57.31 and 47.76 g seed weight head -1 observed in plots given N at the rates of 100 and 50 kg ha -1 , respectively ( Table 2 ). The lowest seed weight head -1 (38.13 g) was recorded in control. In case of irrigations, the seed weight head -1 was maximum (60.60 g) when the crop was irrigated 4 times, followed by 54.40 g and 51.44 g seed weight head -1 found in crop given 5 and 3 irrigations, respectively. However, the lowest seed showed a linear and significant difference among N levels and irrigation levels; but five irrigations did not prove beneficial even negative effect on this trait was observed. Hence, sunflower crop may be fertilized with 150 kg N ha -1 under four irrigations during for achieving higher seed weight head -1 .
Seed index (g)
The seed index was highest (51.58 g) in crop given highest N level of 150 kg ha -1 , followed by 46.42 g and 38.69 g seed index noted in plots given N at the rates of 100 and 50 kg ha -1 , respectively ( Table 2 ). The lowest seed index (30.89 g) was recorded in control. In case of irrigation levels, the seed index was maximum (49.08 g) when the crop was irrigated 4 times, followed by 44.06 g and 41.67 g seed index found in crop given 5 and 3 irrigations, respectively. However, the lowest seed index (32.77 g) was noted in plots irrigated 2 times only. The interactive effect of 150 kg ha -1 N × 4 irrigations resulted in maximum seed index of 60.29 g and minimum (25.42 g) in treatment interaction of 0 N × 2 irrigations. There was constant improvement in seed index with each increment in N up to 150 kg ha -1 ; while seed index also increased with consecutively with increasing irrigations up to 4 irrigations and decreased when crop was irrigated five times. The differences in seed index under different N levels and irrigation frequencies were linear and significant (P<0.05); but adverse effects on seed index were observed under five irrigations, showing excessiveness of water. Thus, sunflower crop may be given N at the rate of 150 kg N ha -1 and irrigated four times throughout the season.
Seed yield ha -1
The crop fertilized with highest N level of 150 kg ha -1 produced highest seed yield ha -1 (2520.90 kg), followed by seed yield of 2268.90 and 1890.70 kg ha -1 observed in plots given N at the rates of 100 and 50 kg ha -1 , respectively ( Table 2 ). The lowest seed yield ha -1 (762.15 kg) was recorded in control. In case of irrigations, the seed yield ha -1 was highest (2198.80 kg) when the crop was irrigated 4 times, followed by 1953.40 g and 1836.50 kg seed yield ha -1 found in crop given 5 and 3 irrigations, respectively. However, the lowest seed yield ha -1 (1454.00 kg) was obtained in plots given only 2 irrigations. The interactive effect of 150 kg ha -1 N × 4 irrigations produced highest seed yield of 2978.30 kg ha -1 and minimum (652.20 kg ha -1 ) in treatment interaction of 0 N × 2 irrigations. This higher seed yield under higher N levels and irrigated four times was mainly associated with higher stem girth, head diameter, seeds head -1 , seed weight head -1 and seed index value. It was observed that with increasing N the seed yield increased considerably and 150 kg ha -1 N proved to be beneficial; but in irrigations, five irrigations resulted adverse effects on the crop, and crop irrigated four times produced higher seed yields than rest of the treatments.
This indicates excessiveness of irrigation water to sunflower if applied more than four times throughout the growing season.
Oil content (%)
The oil content was highest (42.09%) when the crop was fertilized with 100 kg ha -1 N, followed by oil content of 41.73 and 38.13% determined in plots given N at the rates of 150 and 50 kg ha -1 , respectively ( Table 2 ).
The lowest oil content (35.98%) was recorded in control. In case of irrigations, the oil content was highest (41.10%) when the crop was irrigated 4 times, followed by 39.71% and 39.14% determined in crop given 5 and 3 irrigations, respectively. However, the lowest oil content (38.00%) was obtained in plots given only 2 irrigations. The interactive effect of 150 kg ha -1 N × 4 irrigations produced highest oil content of 43.81% and minimum (34.62%) in treatment interaction of 0 N × 2 irrigations. It was observed that the yield content in sunflower decreased when N was applied beyond 100 kg ha -1 , which suggested that due to increasing growth excessively under 150 kg N ha -1 , the oil content is adversely affected. On the other hand, under five irrigations, the oil content decreased considerably over four irrigations, which suggested that this trait is adversely affected under excessive water application. Hence, it is assumed that for achieving higher oil content in sunflower, the crop may be fertilized with 100 kg N ha -1 along with recommended P and K and four irrigations would be enough to fulfill the needs of the crop for oil content percentage under good management conditions. [7] reported that plant height, head diameter, dry matter, grain yield of sunflower and total consumptive use increased with increasing irrigation and N rate. The average water use efficiency decreased with increasing irrigation but increased with increasing N rate. Both treatments had no significant effects on the mean 100-grain weight. The interaction effects of irrigation and N application had no significant effects on the parameters measured. Similarly, [8] evaluated the effect of irrigation frequencies i.e. 0, 2, 4, 6 and 8 and concluded that parameters like plant height, head diameter, number of grains per head, 1000-grain weight and grain yield per hectare were significantly affected by irrigation levels and six irrigations were found optimum for obtaining good yield of sunflower. On the basis of research findings, six irrigations are recommended for sunflower crop to obtain maximum seed yield under irrigated conditions. Similarly [9] found that water use efficiency were higher at 1 irrigation, however, 3 irrigations resulted in higher net returns. [10] Reported that proper scheduling of irrigation resulted in significantly maximum sunflower seed yield of 1391.7 kg ha -1 and response of plant height, diameter, seeds per head or seed weight of sunflower was found to be linearly related to the amount of irrigation. [7] Reported that average water use efficiency decreased with increasing irrigation but increased. Considerable research has been reported from different parts of the world in relation to water use efficiency in sunflower.
[11] Concluded that under limited water conditions provide irrigations at bud stage and grain formation stage. If there is water sufficient for only are irrigation, irrigation should be scheduled only at flowering. Similarly [12] reported that seed yield with three or four irrigations was 24.83% higher than the control plot. Conclusions It was concluded that yield and yield components responded superbly to higher N level of 150 kg ha -1 with maximum seed yield of 2520.9 kg ha -1 , but the oil content was slightly decreased. Moreover, the crop irrigated four times resulted in highest seed yield (2198.8 kg ha -1 ) and oil content (41.10%) which decreased when crop irrigated five times. Hence, the interaction of the 150 kg ha -1 N × 4 irrigations would be an effective treatment combination to produce higher seed yield ha -1 in sunflower. The oil content was highest (42.09%) when the crop was fertilized with 100 kg ha -1 N, followed by oil content of 41.73 and 38.13% determined in plots given N at the rates of 150 and 50 kg ha -1 respectively.
